Aeromonas hydrophila is a pathogenic bacterium that has been implicated in fish, animal, and human disease. Recently, a multidrug resistance (MDR) plasmid, pR148, was isolated from A. hydrophila obtained from a tilapia (Oreochromis niloticus) farm in Thailand. pR148 is a 165,906-bp circular plasmid containing 147 coding regions showing highest similarity to pNDM-1_Dok1, an MDR plasmid isolated from a human pathogen. pR148 was also very similar to other IncA/C plasmids isolated from humans, animals, food, and fish. pR148 contains a mercuric resistance operon and encodes the complete set of genes for the type 4 secretion system. pR148 encodes a Tn21 type transposon. This transposon contains the drug resistance genes qacH, bla OXA-10 , aadA1, and sul1 in a class 1 integron; tetA and tetR in transposon Tn1721; and catA2 and a duplicate sul1 in a locus showing 100% similarity to IncU plasmids isolated from fish. The bla OXA-10 and aadA1 genes showed 100% similarity to those from the Acinetobacter baumannii AYE genome. The similarity of pR148 to a human pathogen-derived plasmid indicates that the plasmids were either transferred between different genera or that they are derived from a common origin. Previous studies have shown that IncA/C plasmids retain a conserved backbone, while the accessory region points to lateral gene transfer. These observations point out the dangers of indiscriminate use of antibiotics in humans and in animals and the necessity of understanding how drug resistance determinants are disseminated and transferred.
T
he genes encoding microbial resistance are often carried on mobile elements called plasmids that have the ability to replicate and may have the potential of self transmission. Plasmids are a modular mosaic of mobile genetic elements (MGEs) which the plasmids can carry and transfer between individual bacteria of different species by lateral gene transfer (also called horizontal gene transfer) (1) (2) (3) . In so doing, the plasmids can transfer these genes to the bacterial chromosome or can gain more drug resistance genes. This incessant transfer and collection of drug resistance genes has led to the rise of bacterial strains that are resistant to several antimicrobials, a condition called multidrug resistance.
The problem of antimicrobial resistance is of grave concern. The emergence of multidrug-resistant (MDR) strains and the possibility of transfer of this multidrug resistance to other bacteria has raised the grim specter of bacterial pathogens that cannot be treated by currently known antimicrobials and the reemergence of diseases that can cause large-scale global pandemics. The rise in incidence of MDR bacteria has been attributed to the indiscriminate use of antimicrobials in animal culture and in medicine.
Among the MDR plasmids, members of the IncA/C incompatibility group have been described from humans, animals, and fish and are regarded as of considerable public health risk due to their ability to spread across taxonomical barriers (4, 5) . The IncA/C reference plasmid, pRA1, was first isolated in 1971 (6) from Aeromonas liquefaciens (later renamed Aeromonas hydrophila) as a transferable antimicrobial resistance plasmid conferring resistance to sulfonamides and tetracyclines. A. hydrophila is a pathogenic bacterium that is ubiquitous in most aquatic environments (7) and has been implicated in fish, amphibian, and human disease (8) . In humans, A. hydrophila infections can be life threatening (9) (10) (11) .
A. hydrophila, despite having a low conjugal transfer ability for some IncU plasmids (12) , has been shown to harbor plasmids, including those of the IncA/C incompatibility group (5, 6, 13) . We previously described an MDR plasmid (designated pR148) from A. hydrophila isolated from a tilapia farm in Thailand that had successively used several antimicrobials (13) . Antimicrobial susceptibility testing revealed that this plasmid was shown to confer antimicrobial resistance against ampicillin, chloramphenicol, streptomycin, sulfamonomethoxine, and tetracycline, some of the same antimicrobials reportedly used on the farm. In the present study, we analyzed the whole sequence of this plasmid (pR148) and compared it to other closely related sequences. The definition of MDR has recently been standardized by a joint initiative of the European Centre for Disease Prevention and Control and the Centers for Disease Control and Prevention (14) as being nonsusceptible to Ն1 agent in Ն3 categories of antimicrobial agents, and pR148 possesses genes that confer resistance to 5 of these categories.
Since plasmids are a mosaic of sequences from divergent sources, it is important to devise a proper method of comparing them. Previous methods have focused on concatenating conserved genes to form a sequence-based phylogenetic analysis (5, 15) . However, these approaches do not consider the relationships that can be inferred from genes that are shared only between some of the compared sequences. In our current approach, we determined the position of the plasmid in the network of mobile genetic elements and the phylogenetic relationship of all of the closely related sequences based on the full plasmid sequences.
MATERIALS AND METHODS
Bacterial source. A. hydrophila containing plasmid pR148 was isolated from a tilapia (Oreochromis niloticus) farm in Thailand that recorded the consecutive use of multiple antimicrobials. The bacterial isolate was confirmed to be A. hydrophila using API20E and API20NE kits (bioMérieux, Marcy l'Etoile, France) in a previous study (13) . The presence of a transferrable plasmid and antibiotic resistance were confirmed by conjugative transfer to Escherichia coli RC85 nal (resistant to nalidixic acid) and subsequently to E. coli HB101 str (resistant to streptomycin) using 1:1 broth cultures of the donor and host, incubated at 37°C overnight, and then plated on BTB-lactose-LB agar, which is composed of 0.0045% bromothymol blue (BTB), 1% lactose, 50 mg/ml nalidixic acid or 1,000 g/ml streptomycin (depending on the host E. coli strain), and one of the drugs to which A. hydrophila is resistant. This plasmid was shown to confer antimicrobial resistance against ampicillin, chloramphenicol, streptomycin, sulfamonomethoxine, and tetracycline using the standard agar dilution method by following Clinical and Laboratory Standards Institute guidelines (Japanese Society of Antimicrobials for Animals 2004).
Purification of plasmid for sequencing. Plasmid DNA from E. coli HB101 was extracted using a GenElute bacterial genomic DNA kit (Sigma-Aldrich, St. Louis, MO) as described previously (13) and sequenced by TaKaRa Bio, Inc. (Otsu, Japan), using a 454 GS-FLX system (Roche, Basel, Switzerland). The generated reads were assembled using Salmonella enterica pSN254(CP000604), A. hydrophila pRA1(FJ705807), and E. coli pAPEC-O2-R(AY214164) as reference plasmids. Remaining gaps were closed by standard PCR using manually designed primers.
Coding sequences (CDS) were detected using CRITICA version 1.05b (16) and Glimmer2 version 2.10 (17), as well as manually as described previously (18) . The presence of genes coding for tRNA and rRNA was checked with tRNAScan-SE version 1.23 (http://lowelab.ucsc.edu /tRNAscan-SE/) or BLASTN (http://blast.ncbi.nlm.nih.gov/Blast.cgi), respectively. Function was predicted using COGs (clusters of orthologous groups; http://www.ncbi.nlm.nih.gov/COG/), and genes were initially annotated using IMC (In Silico Molecular Cloning, Genomics Edition, version 4.1.21D; In Silico Biology Inc., Yokohama, Japan).
The circular representation of pR148 was generated with IMC and edited to differentiate CDS based on COG functions and to add annotations. Linear comparative representations were based on results from DNAPlotter version 1.4 (Wellcome Trust Sanger Institute, United Kingdom).
Comparative analysis. The nr/nt database was searched for closest matches to genes in pR148 with BLASTN in February 2012. Search parameters are given in the supplemental material. Sequences showing Ն50% query coverage were chosen for initial comparative analysis.
The backbone was determined by identifying the accessory region based on annotated integrase genes. The identity to other sequences in the nr/nt database was determined using BLASTN. Insertion/deletion (indel) regions were determined from the BLASTN results, and detailed analysis was conducted using Align Plus 4.10 in the Clone Manager Professional Suite (Scientific and Educational Software, Cary, NC).
Multiple plasmid sequence alignment analysis. The MAUVE program filters and sorts internally identified matches into local colinear blocks (LCBs) (19) . Each LCB represents a region of homologous sequence without any rearrangement of the input genomes. In our study, we used MAUVE to visualize the conserved (homologous) and indel regions among the compared sequences. To generate the progressive alignment of multiple plasmids by MAUVE 2.0 (http://asap.ahabs.wisc.edu/) (20) , the start nucleotides (nucleotide number 1) of pNDM_Dok01, pNDM102337, and pSN254 were shifted to the repA gene. The sequences were aligned using the default seed weight, allowing MAUVE to determine LCBs with the default minimum weight and allowing for full alignment, iterative refinement, and sum-of-pairs LCB scoring with the default matrix (HOXD70), a gap opening score of Ϫ400, and a gap extension score of Ϫ30.
Protein family network of pR148. To represent the evolutionary relationship of pP9014 with other plasmids as a network, we generated pairwise comparisons against other mobile genetic elements (MGEs) in the ACLAME (for a classification of mobile genetic elements, version 0.4) (21) database using the methodology modified from Lima-Melendez et al. (22) . Briefly, a pairwise similarity comparison of each pR148-encoded protein (n ϭ 147) to the total ACLAME database was obtained using BLAST (23) with an E value threshold of 0.0001 and refined using an E value of 1eϪ20 and a minimum identity of 20%.
The resulting output was parsed in the form of a matrix in which rows represent related MGEs and columns represent protein families. We then determined the similarity of pR148 to the related MGEs by obtaining a P value, which is the probability of finding a common number of protein families between each pair of MGE vehicles based on the hypergeometric formula
where c is the number of protein families in common, a is the number of protein families of MGEs in ACLAME hits, b is the number of protein families identified in plasmid pR148, p indicates the probability, i indicates the integer value for the number of protein families in common between two phages, and n is total number of protein families in the ACLAME database. Afterwards, the significance value (Sig) was obtained by using the formula
where the P value was obtained from equation 1 and T ϭ (2,704 ϫ 2,703)/2. A new network of pR148 and the MGEs with a Sig value of Ͼ0 was constructed and merged with the existing ACLAME network in Cytoscape (http://www.cytoscape.org/) using an edge-weighted spring embedded model, wherein MGEs sharing more protein families (higher Sig value) appear closer in the network.
Phylogenetic analysis. The alignments of the full genomic nucleotide sequences of pR148 and the plasmids chosen for comparative analysis were determined using the ClustalW implementation in MEGA5.05. To allow for longer gaps in the alignment, a gap-opening penalty of 10 and a gap extension penalty of 2 was allowed for both pairwise and multiple alignments with a transition weight of 0.2. Since ClustalW aligns linear sequences, the full nucleic acid sequences were parallelized by making sure all sequences are in the same orientation and choosing the start of the repA gene of all sequences as the zero point.
To generate the neighbor joining tree, a bootstrap analysis with 1,000 replications was conducted with substitutions for transitions and transversions of nucleotides using the maximum composite likelihood model, with gamma-distributed rates among sites, allowing for a heterogeneous pattern of substitution among lineages, and with a partial deletion of gaps for an 85% site coverage cutoff score.
Accession numbers. The sequence of pR148 was deposited in GenBank (http://www.ncbi.nlm.nih.gov/GenBank) under the accession number JX141473. The accession numbers of the other sequences used in the study are the following (in parentheses): E. coli pNDM-1_Dok01
, and Xenorhabdus nematophila XNC1_p (FN667743).
RESULTS AND DISCUSSION
Backbone of pR148. pR148 is a circular plasmid that is 165,906 bp long (Fig. 1) . It contains 147 putative CDS as annotated manually. One hundred seventeen are on the same (forward) strand as the repA gene, and 30 are on the opposite (reverse) strand. Compared to other sequences that showed greater than 50% query coverage for the whole genome sequence (Fig. 2) , pR148 has a highly conserved plasmid backbone, a feature of IncA/C plasmids that has been reported in previous studies (4, 5) . The core backbone was determined from the full genomic sequence by identifying the accessory region flanked by two insD2 transposase proteins. The size of the core backbone was 128,699 bp, had 123 genes, and showed high synteny and very high identity (98 to 100%), high query coverage (Ͼ62%), and very high scores (Ͼ1 ϫ 10 5 ) with the other compared sequences.
repA, traD, traB, and traF. The nucleotide sequences of the repA gene and the translated nucleotide sequences of repA, traD, traB, and traF genes were compared to those of other plasmids chosen for comparative analysis using BLASTN or TBLASTN. The repA gene showed 100% identity and 100% query coverage with the repA genes of pNDM-1_Dok01, pNDM102337, pNDM10505, and pNDM-KN and 99% identity and 100% query coverage for the rest of the plasmids in both nucleic acid and amino acid queries, with the exception of the BLASTN result for pRA1, which only showed 93% identity.
TraD, TraB, and TraF are important components of the T4SS (type 4 secretion system) and thus are important for conjugative transfer. The use of concatenated sequences of these proteins for comparative analysis of IncA/C plasmids have been performed already (5); however, in our study, TraD, TraB, and TraF showed very similar results except for peH4H, which does not contain TraD, pA-PEC1990_61, which does not have TraB, and XNC1_p which does not contain TraD or TraF. GI-VII-6, which is a genomic island identified in S. Typhimurium and contains antimicrobial resistance genes (24) , is not a plasmid and does not contain a repA gene. We considered that this approach was not sufficient to be able to establish the relationships of the plasmids, so we used different techniques that use more comprehensive methods. ϩ ; red, GC Ϫ ), reverse CDS, forward CDS, nucleotide position (relative to the repA gene, which is represented as an arrowhead), region in pR148 homologous to E. coli pNDM-1_Dok01, region homologous to E. coli pNDM-1_Dok01, region homologous to S. enterica (Newport) pSN254, inserts found in pNDM-1_Dok01, inserts found in pNDM102337, and inserts found in pSN254. Genes are color coded according to function. The locus for the type 4 secretion system (T4SS), the mercuric resistance operon, Tn1721, and the class 1 integron are enclosed in blue boxes.
Multiple plasmid alignment constructed from MAUVE.
Based on the BLASTN homology result, pR148 showed very high similarity to several plasmids from the IncA/C family with indels in certain regions (Fig. 2) . The compared sequences form similarity groups. One group is the NDM-1 group, containing sequences which include pNDM102337, pNDM10505, and pNDM-KN. These sequences have an indel region in the T4SS (at around 55,000 bp) and show a gap at around 90,000 bp. Another group contains pUMNK88, pAR060302, pSN245, pSD_174, pAPEC1990_61, pMR0211, and pAM04528 (Fig. 2) . This group of plasmids has a gap at around 20,000 bp and is similar to the S. Typhimurium GI-VII-6. For graphical representations of the indel regions and for a more detailed comparative analysis using MAUVE, we selected three representative plasmids: pNDM-1_Dok01, the plasmid most similar to pR148, pNDM102337, a representative of the NDM-1 carrying plasmids, and pSN254, a well-studied plasmid and representative of the second group.
The MAUVE result (Fig. 3 ) revealed several regions of homology, called local colinear blocks (LCBs). Four indel regions were found at (i) ca. 25,000 bp, where pSN254 shows a major difference from the other sequences, (ii) ca. 55,000 bp in the T4SS, (iii) ca. 90,000 bp, which is a gap in pNDM102337, and (iv) ca. 140,000 bp, a region containing the RHS (retrotransposon hot spot) family protein in pR148. A comparative analysis using the full sequences of the plasmids revealed several important differences that can be visualized but cannot be quantified using MAUVE.
First indel. In the region equivalent to 17,944 to 28,929 bp of pR148, the plasmids pUMNK88, pAR060302, pSN254, pSD_174, pAPEC1990_61, pMR0211, pAM04528, pPG010208, peH4H, and the genomic island GI-VII-6 have an accessory element coding for antimicrobial resistance (Table 1) . This antimicrobial resistance insert carries floR, tetA and tetR, strA and strB, and sul2 (see Fig.  S1A in the supplemental material). A transcriptome analysis revealed that this region in pAR060302 is transcribed at lower levels compared to the backbone and other accessory elements but can be induced by antibiotic treatment (2). In pR148, pNDM102337, pNDM10505, pNDM-1_Dok01, and pYR1, this region is occupied by a highly conserved set of genes, including an AAA family ATPase which showed 100% identity and 100% query coverage with the AAA ATPase of P. damselae subsp. piscicida (YP_908585). This AAA ATPase has the walker A and B motifs and an arginine finger, a motif that senses ATP binding and hydrolysis and transmits conformational changes (25) . Downstream of the AAA ATPase are genes for a DNA-binding plasmid partition protein and a DNA methylase. Further downstream at 73,743 to 74,711bp is a second walker-type AAA ATPase which is conserved in most other analyzed sequences except peH4H. This secondary AAA ATPase contains a CbbQ/NirQ/NorQ C terminal which may be involved in chaperone activity (25) .
Second indel (T4SS).
From 42,644 to 70,720 bp, pR148 contains genes encoding the T4SS. The T4SS forms a channel composed of three core proteins. This channel is double walled and spans the bacterial membrane (26) . T4SS are versatile systems that are used by bacteria to inject effectors to target eukaryotic cells and also for conjugative transfer to spread plasmids (27, 28) .
Some plasmids have an insert within the T4SS between traA and a 1,840-aa (amino acid) hypothetical protein at 55,198 bp (Table 1 ). This insertion carries bla CMY , blc, and sugE (see Fig. S1B in the supplemental material). pSN254, pSD_174, and pAM04528 carry a duplicate of this region with the hypothetical proteins, a truncated traC and sugE, blc, and bla CMY genes in the opposite orientation and bordered by insC transposases.
Among the compared sequences, the indels in this region were more commonly detected than the first indel, but most sequences that contain the floR insert also contain this accessory element. This region has also been shown to be prone to excision over time (15) , and the presence of ␤-lactamases has been shown to confer a significant fitness cost: a biological disadvantage under normal conditions that is inherent with the different metabolic demands involved in the expression of these genes, thus bacteria that do not carry these genes can outcompete bacteria that do carry them, and this can result in reduced dissemination of the plasmid. This has been shown with bla CMY-7 (29) , bla SME-1 (30) , and bla CMY-2 (31) . The presence of this insert has also been shown to significantly reduce the conjugation frequency (32) and has been shown in the transcriptome analysis of pAR060302 (2) to be unresponsive to antibiotic treatment, but it is constantly transcribed more strongly than the floR region.
Third indel. From 82,806 to 93,637 bp, there is a region that contains genes encoding the cytosine-specific DNA methylase dcm, which is a phosphoadenosine phosphosulfate reductase family protein and participates in repair of mismatches at 5-methylcytosine sites (33) . This indel region contains other genes of mostly unknown function. This region is absent from the NDM-containing plasmids pNDM102337, pNDM10505, and pNDM-KN (Table 1) but is highly conserved among the other compared plasmids (see Fig.  S1C in the supplemental material). The absence of the dcm gene can cause a deficiency in the methylation of cytosine (34) , making the plasmids more sensitive to EcoRII (CCATGG) restriction.
Fourth indel. From 139,675 to 143,928 bp, pR148 codes for an RHS family protein. In pNDM-1_Dok01, pNDM102337, pNDM10505, and pNDM-KN, this region has an insert downstream of the RHS encoding HsdR family DNase protein set carried by a Tn7-like transposon (Fig. 4 and Table 1 ). In pYR1, there is an insert downstream of the RHS containing the tetracycline resistance genes rerA, tetD, tetC, and gltS. In pRA1, there is no RHS protein detected but there is an insert encoding tetA and sul2. RHS protein is also absent from pMR0211, but in its stead there is an insert encoding quinolone resistance (qnrA1), aminoglycoside resistance (aminoglycoside 6=-N-acetyltransferase), and sulfonamide resistance (sul1).
Members of the RHS family are known as hotspots for integra- tion (35); however, among the compared sequences, only 5 plasmids show insertions, 2 plasmids do not have RHS family proteins, and the other sequences have the RHS family protein but no insertions. Similarity to S. Typhimurium genomic island GI-VII-6. pR148 shares a very high similarity to the genomic island GI-VII-6 (99% maximum identity and 73% query coverage of the total nucleotide sequence) derived from the chromosome of S. Typhimurium L-3553 isolated from cattle in Japan in 2004 (24) . GI-VII-6 was reported to confer antimicrobial resistance to extended-spectrum cephalosporins in S. Typhimurium. GI-VII-6 is similar to pR148 regions from 149,813 to 161,083 bp and 9,119 to 106,217 bp. This region includes most of the backbone except for the region surrounding the repA gene and extends to the class 1 integron in the accessory region. GI-VII-6 is mostly similar to the plasmids pUMNK88, pAR060302, pAPEC1990_61, pMR0211, and peH4H containing both the inserted accessory element in the first indel and a single copy of the insert in the T4SS. GI-VII-6 does not contain the ter gene (encoding DNA replication terminus sitebinding protein) and is flanked by IS26 transposases. As mentioned in a previous report, this genomic island may be derived from the transposition and/or homologous recombination of plasmid DNA (24) .
Accessory region. The core backbone does not contain any drug resistance genes, unlike some other IncA/C plasmids. All of the drug resistance genes are in an accessory region bordered by two insD2 sequences; the first is aligned on the negative strand from 101,147 to 100,143 bp, and the second is aligned on the positive strand from 136,345 to 137,349 bp. This accessory region contains 27 genes, is 37,207 bp long, and provides resistance against ␤-lactams (bla OXA-10 ), chloramphenicols (catA2), aminoglycosides (aadA1), sulfonamides (sul1), and tetracyclines (tetA/R) (Fig. 4) . Similar drug resistance genes were detected in pR148 in our previous study using a microarray and PCR (13) .
This accessory element shows the characteristics of a Tn21 transposon (34, 36) , although tnpA on the 5= end (ORF101) is truncated and is repeated downstream in the reverse orientation (ORF117). At the 5= end, there is a class 1 integron with its variable region containing bla OXA-10 and aadA1. These genes have highest identity (Ն99% query coverage and identity) to genes in a multidrug-resistant human pathogen (Acinetobacter baumannii AYE, NC_010410) that caused a nationwide outbreak in France in 2001 (37) . bla OXA-10 is a class D extended-spectrum ␤-lactamase that had previously been detected in human pathogens. The presence of this gene in a fish pathogen may mean that there has been lateral gene transfer of the MGE carrying this gene. Whether this transfer happened from the fish to the human pathogen or vice versa or even through another intermediate carrier cannot be determined. This variable region also encodes a sequence with 100% similarity and 97% sequence coverage with the group II intron maturase (JF681371) from Enterobacter cloacae strain GOCER. Group II introns are highly structured ribozymes found in bacteria and organellar genomes (38) , and they are thought to be ancestors of nuclear pre-mRNA introns (39) . Group II introns work on both RNA and DNA to promote splicing and mobility (40, 41) . Class 1 integrons have been found in several Gram-negative bacteria (42) and in several of the compared sequences (Table 1) . A notable difference is pIP1202, which contains a class 1 integron in an inverted Tn21 that has been inserted into the RHS.
Downstream of the class 1 integron there is a Tn1721-like transposon that provides tetracycline resistance through the tetA/R genes. pR148 also has a region between the class 1 integron and the Tn1721 transposon that most closely matches (96% query coverage and 100% maximum identity) some regions in IncU plasmids from A. hydrophila pRA3 (DQ401103), Aeromonas salmonicida pAr-32 (AJ517791), and E. coli pSa (L06822). This region also carries a catA2 gene and two sul1 genes. This region is followed by a PecM/EamA-like efflux protein (previously known as DUF6 and a member of the 10-TMS [transmembrane ␣ helical spanners] DME [drug metabolite exporter] family [43] ) and the chromate ion transporter chrA gene before Tn1721. Further downstream, there are genes encoding a heavy metal resistance operon. This region shares 99% maximum identity and 95% query coverage with similar regions in pAPEC1990_61, pUMNK88, pAR060302, pAM04528, peH4H, and pSN254, but it is not present in the other analyzed sequences. However, we could not detect significant resistance of pR148 against HgCl 2 (MIC of 8 M/ml versus 4 M/ml for empty HB101) using the agar dilution method.
Comparative analysis of whole plasmid sequences. A phylogenetic tree based on whole plasmid sequences (Fig. 5) revealed that pR148 is most closely related to three E. coli-derived plasmids that contain bla NDM-1 (New Delhi metallo-␤-lactamase): pNDM1_Dok01, pNDM102337, and pNDM10505. A bacterium containing NDM-1 (FN396876) was first isolated in Sweden from a patient who had been hospitalized in India (44) . NDM-1-containing bacteria have recently become a grave concern because of their increasing prevalence (45) . pNDM-1_Dok01 was isolated from a Japanese traveler who had just returned from India in 2009 (46) and showed severe toxic symptoms. pNDM10505 was isolated from a patient with a travel history to India in 2010, and pNDM102337 was isolated in 2008 from a patient who had been hospitalized in Pakistan (47) . It has been suggested that the bla NDM-1 gene is disseminated by plant pathogens or that plant pathogens serve as a reservoir of this gene (46, 48) . The accessory region of pNDM-1_Dok01 bears a strong similarity to that of pNDM-HK(HQ451074), which was derived from an MDR E. coli strain in Hong Kong. The backbone of pNDM-HK in turn shows extensive similarity with plasmids from plant pathogens (48) . pR148 may have been derived from pNDM-1_Dok01 with its accessory element replaced with other MGEs, or the two plasmids may have been derived from a common ancestral plasmid with one obtaining elements from plant pathogens (pNDM-1_Dok01) and the other from human and fish elements (pR148).
The other fish-derived plasmids (pYR1, pP91278, and pP99018) form a cluster with human-derived pIP1202 and cattlederived pPG010208. The fish-derived IncA/C reference strain pRA1 forms an outgroup (Fig. 5) . It is interesting that all of the closely related plasmids were isolated from enterobacteria which all reside in the gut of the host. This may provide a clue into how these plasmids were transferred.
Since genetic information is exchanged in plasmids laterally, the relatedness of plasmids can best be visualized in a network, where MGE carriers (plasmids, phages, and genomic islands) can be connected when they share a homologous gene fragment above a certain threshold (49) . This gene-sharing network can show the relationship of each individual protein of a given plasmid to those from other MGEs. ACLAME is a web-based database that provides a network classification of MGEs of various well-known plasmids, phages, and transposons in terms of their gene/protein contents (21, 50) . Pairwise analysis in ACLAME assigns all annotated CDS to a protein family and compares the conservation of these protein families against other MGE vehicles (plasmids, phages, and genomic islands). It can take into account similarities that may be found in only a few of the compared sequences. One hundred forty-seven pR148-encoded proteins were analyzed against a total of 32,919 protein families from 2,704 plasmids, viruses, and prophages (as of March 2012). In this way, we were able to retrieve 134 predicted protein sequences from pR148 associated with ACLAME protein families encoded by various MGEs.
MGEs with a Sig value of more than 0 are shown in a matrix (see Fig. S2 in the supplemental material) and represented in a network (Fig. 6A) . In this network, each node represents a genome, and nodes are connected if they are homologous to each other. The edges are weighted, meaning genomes sharing more families are closer to each other on the display. pR148 can be found clustered with other plasmids and MGE vehicles. Among the sequences chosen for comparison, the ACLAME database contained data for pSN254, pYR1, pIP1202, pP91278, and pP990-018. The network representation (Fig. 6B) shows that all of these MGEs are closely related to one another but pR148 has fewer shared elements.
We determined the CLUSTALW alignment of all of the closely related sequences based on the BLASTN result of the full plasmid sequence from which we chose the closest relatives based on an artificial cutoff score (in the current case, Ն50% query coverage). We relaxed the gap-opening penalties in order to allow for alignments with larger gaps. This approach is simple; it relies on nucleic acid sequences, since MGEs are exchanged as nucleic acids, not as proteins, and it could discriminate between MGEs from the same protein families that have been acquired in different events and are in different positions in the genome. We believe this is an efficient and viable comparative method to determine the relatedness of closely related sequences. This is the first report of this type of plasmid in A. hydrophila. The similarity of the accessory region of pR148 to elements from such diverse sources as human-and fish-derived plasmids is indicative of lateral gene transfer involving multiple modules. The high similarity of the backbone to human-derived plasmids indicates either that there was transfer between their hosts or that they are derived from a common ancestor. All of this is a serious cause for concern, since the judicious use of antimicrobials in animal and especially fish culture is not as rigorously enforced as it is in humans. This and other multidrug-resistant plasmids are a threat to the health not only of fish but also of humans.
